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(54) Recording and reproducing video data to and from record media 



(57) An apparatus and metliod for recording and re- 
producing video data to and from a record medium op- 
erate lo communicate with plural external devices. The 
apparatus includes plural audio/video data input/output 
(I/O) devices (10), each of which is programmable and 
coupled to a respective external device (2) tor receiving 
video data therefrom and transmitting reproduced video 
data thereto. Each I/O device (10) receives a recording 
or reproducing external request signal from the associ- 
ated external device (2), generates a respective record- 
ing/reproducing request signal In response thereto, out- 
puts the request signal, receives data reproduced from 
a record medium during a reproducing operation and 
supplies the reproduced data to the external device/and 
receives video data from the external device during a 
recording operation and supplies the video data for re- 
cording on the record medium. A storage control device 
receives the reproduction and recording request signals 
and supplies appropriate reproduction and recording 
control signals in response thereto to the respective I/O 
device (10) which output the original request signal. The 
respective I/O device (10) supplies to a storage device 
appropriate recording/reproduction initiate signals and 
the storage device either records or reproduces video 
data to or from the record medium in accordance with 
the supplied initiate signal, and outputs, during the re- 
producing operation, the reproduced video data to the 
respective I/O device (1 0) which output the reproduction 
initiate signal. 
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Description 

This invention relates to apparatus and methods for 
recording and reproducing video data to and from record 
media. A preferred form of embodiment of the invention 
described hereinbelow provides a recording/reproduc- 
ing device which is operable to receive and transmit dig- 
ital video and audio data from and to multiple external 
devices. 

As is known, television broadcasting stations pro- 
duce television programs by imaging video images to 
produce video signals (e.g., using a television camera), 
recording the video signals on magnetic tape using vid- 
eo tape recorders, editing, if necessary, the video sig- 
nals stored on the magnetic tape, assembling the. edited 
or unedited video signals, and recording the assembled 
video signals on a magnetic tape for broadcast at a later 
time. Generally, there is a relatively large amount of un- 
assembled video signals stored on magnetic tape (com- 
monly called "raw footage") and, thus, it is typical that 
the process of selecting and editing desired "footage" is 
slow and inefficient. In addition, a large amount of mag- 
netic tape is not easily moved between editing rooms 
and video signals stored on the same nnagnetic tape 
cannot easily be processed (i.e., edited) by different ed- 
iting devices at the same time. 

It is common for a television program, for example, 
a news program, to be recorded on a magnetic tape and 
be loaded into a video tape recorder (or a cart machine 
having a video tape recorder therein) prior to transmit- 
ting the program recorded thereon. One difficulty en- 
countered in such an arrangement is the general inabil- 
ity to quickly and efficiently modify the video signal that 
is about to be transmitted. 

Another device, known as a "server system", is 
used to centrally manage the "raw footage" so that it can 
be more easily edited, assembled and transmitted. Fig. 
1 is a block diagram of a server system 4 which is utilized 
to transmit and receive video and audio data to and from 
multiple external devices. As shown, server system 4 is 
comprised of a central processing unit (CPU) 401, a 
read only memory (ROfvl) 402, a random access mem- 
ory (RAM) 403, a high speed bus 404, plural recording/ 
reproducing devices 406i-406^, various interface de- 
vices 405^ -405n^ and 407i -407^, audio/video data com- 
pression devices S40i-S40„, and audio/video data de- 
compression devices S43i-S43„. In addition, a LAN in- 
terface 411 is provided for server system 4 to interface 
with a LAN 410 when the server system is not connected 
directly to the specific application system utilized 

Video and audio data to be recorded on a magnetic 
tape are supplied from an external device (not shown in 
Fig. 1) to one of the compression devices 408 which 
compresses the supplied data in a manner well known 
in the art and which supplies the compressed data via 
interface 407 to bus 404. The compressed data on bus 
404 is stored temporarily in RAM 403 so that the rate of 
data transfer can be controlled and the data stored in 



RAM 403 is supplied via bus 404 and interface device 
405 to one of the recording/reproducing devices 406 
which records the compressed video and audio data on 
a magnetic tape contained therein. During a reproduc- 
5 tion operation of server system 4, video and audio data 
recorded on a magnetic tape Is reproduced therefrom 
in one of the recording/reproducing devices 406 and 
supplied via interface 405 and bus 404 to RAM 403 
which stores temporarily the reproduced data therein. 
10 The stored data is output from RAM 403 and supplied 
via bus 404 and interface 407 to one of the decompres- 
sion devices 409 which decompresses the reproduced 
data and which supplies the decompressed data to an 
external device, for example, a data editing device (not 
IS shown in Fig. 1 ). 

In response to instructions supplied via LAN 410 
from an application system (not shown), CPU 401 con- 
trols the various devices of server system 4 in a manner 
well known in the art. Server system 4 further may in- 
clude control lines S4AyS44f^ which transmit and re- 
ceive control signals to and from the external devices 
and CPU 401 controls the operation of server system 4 
in accordance with those control signals. 

One difficulty encountered in typical server systems 
is the general inability to increase the number of externa! 
devices that can be coupled thereto. That is, server sys- 
tem 4 is not easily expandable beyond a set number of 
interfaces connected thereto due to the limited band- 
width of its data bus. As is known, digital video/audio 
signals have a bit rate of at least 100 Mbps (million bits 
per second) and compression encoded video/audio da- 
ta have a bit rate of 30 Mbps. If a server system, such . 
as shown in Fig. 1 , includes eight editing devices which 
are used simultaneously to edit (e.g., AB roll edit) two 
magnetic tapes having raw footage thereon, the raw 
footage has a bit rate of 30Mbps (or approximately 4 
million bytes per second (MBps)), and the video/audio 
data is buffered in RAM 403 as discussed above, then 
48 "sets' of encoded audicA^ideo data simultaneously 
are transmitted, at a maximum, on bus 404. That is, 
each of the 8 editors is responsible for reproducing 2 
sets of raw footage and recording (in server system 4) 
an edited video signal for a total of 3 sets of audioArideo 
data per editor, and each set is stored in RAM 403 and 
subsequently output therefrom. Thus, 6 sets of audio/ 
video data may be transmitted on bus 404 for each ed- 
iting device, for a total of 48 sets. If each of the 48 sets 
of audio/video data has a byte rate of 4 MBps, then bus 
404 must have a transmission rate of at least 1 92 MBps 
to ensure that 8 editing devices can operate to edit the 
audio/video signals simultaneously. However, since the 
data bus of a typical high performance server system 
has a transmission rate of approximately 100 MBps, It 
is not possible or. at least, not efficient to utilize 8 editing 
devices therewith. 

/Another difficulty encountered in typical server sys- 
tems is their general inability to ensure that interruptions 
in transmission of audio/video data to an external device 
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does not occur This is particularty important when the 
external device is a broadcast transmission system 
which is currently transmitting a television program. 

A further difficulty encountered in typical server sys- 
tems is their general inability to communicate in a syn- 
chronous manner with television broadcasting equip- 
ment that typically operate in synchronization with one 
another. A server system which utilizes a central 
processing unit and which has the block structure shown 
In Fig. 1 operates in an asynchronous manner, whereas 
it is necessary that the audioA^ideo data that is transmit- 
ted between the server system and external broadcast- 
ing equipment be in synchronization. This, however, is 
not easily achieved in the above discussed server sys- 
tems. Although synchronization nnay be achieved by 
synchronizing each of the signals to be output in syn- 
chronous/asynchronous converters contained within 
the sender system, providing such a converter for each 
of these interfaces substantially increases both the size 
and cost of the sen/er system. 

Another problem encountered in the above-dis- 
cussed service system is that transmissions by bus 404 
and RAM 403 cause delays in transfer between the re- 
cording/reproducing devices, the interfaces 407 and the 
external devices. These delays require that data sup- 
plied from and transmitted to interface deyices 405 and 
407 be buffered in RAM 403 during both reproduction 
and recording operations of the system server thus mak- 
ing it difficult to satisfy any "response performance re- 
quirements' of the external devices. Also, the inherent 
delays of the asynchronous devices of the server sys- 
tem generally vary as a function of both time and tem- 
perature and, thus, synchronizing the output of the serv- 
er system is quite difficult to carry out. 

As previously discussed, server system 4 may be 
controlled by utilizing control signals supplied over con- 
trol lines S44i to S44n. However, control signals sup- 
plied via control lines S44y to 344^ to interface devices 
407i and 407^ must be transmitted via the asynchro- 
nous bus 404 to CPU 401 and back over the asynchro- 
nous bus 404 to the various devices in the server system 
and, thus, synchronization cannot simply be achieved 
by synchronizing the control signals supplied to the 
server system. 

Respective aspects of the invention are set forth in 
claims 1.8, 11. 17, 23 and 28 hereof. 

In accordance with one embodiment of the present 
invention, apparatus (and corresponding method) is 
comprised of a reproducing device (e.g., plural hard 
drives) which reproduces video data from a record me- 
dium in accordance with a reproducing request control 
signal, and a plurality of output control devices each of 
which includes a programmed control device which out- 
puts a respective reproducing request control signal in 
response to the receipt of an external reproduction re- 
quest supplied by a respective external device (e.g. a 
video data editing device or an on-air type device) that 
is coupled to the respective output control device. The 



reproducing request control signal that is output from 
one of the output control devices is supplied over a con- 
trol bus to the reproducing device, and video data that 
is reproduced by the reproducing device is supplied over 
5 a data bus to the respective output control device which 
output the reproducing request control signal. 

The external reproduction request may identify de- 
sired video data to be reproduced from the record me- 
dium, and the reproducing request control signal may 
10 identify an address, in the record medium at which the 
desired video data is located. 

Each output control device may be operable to de- 
compress compressed video data that is reproduced 
from the record medium. 
15 A server manager system nnay supply respective 
management control signals to each of the output con- 
trol devices in accordance with a predetermined repro- 
duction schedule, and the output control devices may 
supply respective output control signals corresponding 
to the supplied respective management control signals 
to the respectively coupled external devices. 

An asynchronous to synchronous converter may 
convert an asynchronous signal output from the repro- 
ducing device to a synchronous signal so that an 
amount of time between the output of the reproducing 
request control signal from a respective output control 
device and receipt of the reproduced video data by the 
respective output control device is constant. 

In accordance with another embodiment of the 
present invention, apparatus is comprised of a plurality 
of programmed input/output control devices each of 
which receives a respective external request signal from 
a respective external device, generates a respective re- 
production request signal in response to receipt of the 
respective external request signal and outputs the re- 
spective reproduction request signal. Each of the pro- 
grammed input/output control devices also receives re- 
produced data and outputs the received reproduced da- 
ta to the respective extemal device. A storage control 
device receives the reproduction request signal and 
supplies a reproduction control signal in response there- 
to to the respective programmed input/output control de- 
vice which outputs the reproduction request signal. 
The respective programmed input/output control device 
supplies in response to the reproduction control signal 
a reproduction initiate signal to a storage device which 
reproduces video data from a record medium therein in 
accordance with the reproduction initiate signal and 
which outputs the reproduced video data to the respec- 
tive programmed input/output control device which out- 
put the reproduction initiate signal. 

In accordance with a further embodiment of the 
present invention, apparatus (and corresponding meth- 
od) is comprised of a plurality of input control devices 
each of which includes a programmed control device 
which outputs a respective recording request control 
signal in response to receipt of an external recording re- 
quest supplied by a respective extemal device (e.g. a 



2S 



30 



35 



40 



45 



so 



3 



5 



EP 0 762 768 A2 



6 



video data editing device, a video tape recorder and a 
camera) coupled to the respective input control device, 
and receives video data f ronn the respective external de- 
vice, and a recording device which records the supplied 
video data onto a record medium in accordance with the 
recording request control signal. The recording request 
control signal output from one of the input control devic- 
es is supplied over a control bus to the recording device, 
and the video data received by the one of the input con- 
trol devices is supplied over a data bus to the recording 
device. 

In accordance with still another embodiment of the 
present invention, apparatus is comprised of a plurality 
of programmed input/output control devices each of 
which receives a respective external request signal from 
a respective external device, generates a respective re- 
cording request signal in response to receipt of the re- 
spective external request signal and outputs the respec- 
tive recording request signal. Each programmed input/ 
output control device further receives video data from 
the respective external device and outputs the received 
video data. A storage control device receives the record- 
ing request signal and supplies a recording permit signal 
in response thereto to the respective programmed input/ 
output control device which output the recording request 
signal. The respective programmed input/output control 
device supplies in response to the recording permit sig- 
nal the received video data to the storage device, and 
the storage device records the video data output by a 
respective one of the programmed input/output control 
devices on a record medium. 

Preferred forms of implementation of the invention 
described hereinbelow provide: 

apparatus and method for recording and reproduc- 
ing video data to and from a record medium which 
overcome or at least alleviate the shortcomings of 
the above-described devices; 
apparatus for recording and reproducing video data 
which is expandable in that the number of external 
devices to which the apparatus is coupled may be 
easily increased; 

a recording/reproducing apparatus which may be 
synchronized to a reference synchronization signal; 
a recording/reproducing apparatus which adds time 
codes to video signals that are to be recorded on a 
record medium; 

a recording/reproducing apparatus which has a rel- 
atively small system delay and which may be direct- 
ly and efficiently controlled by externally supplied 
control signals; and 

a recording/reproducing apparatus which provides 
synchronous/asynchronous conversion in a simple 
and efficient manner. 

The invention will now be further described, by way 
of illustrative and nonlimiting example, with reference to 
the accompanying drawings, in which like reference 



signs denote like elements and parts, and in which: 

Fig. 1 is a block diagram of a server system; 
Fig, 2 is a block diagram of apparatus for recording 
5 and reproducing video data to and from a record 
medium in accordance with an embodiment of the 
invention; 

Fig. 3 is a block diagram of an A/V data I/O device 
10 shown in Fig. 2; 
10 Fig. 4 is a signal flow diagram illustrating the flow of 
various control signals to various devices of the ap- 
paratus embodying the invention during a recording 
operation; 

Fig. 5 is a signal flow diagram illustrating the flow of 
IS various control signals to the various devices of the 
apparatus embodying the invention during a repro- 
ducing operation; and 

Fig. 6 is a block diagram of the /W data I/O device 
shown in Fig. 2 in accordance with another embod- 
iment of the invention. 

Referring now to Fig. 2 of the drawings, a block di- 
agram of apparatus for recording and reproducing video 
data to and from a record medium in accordance with 
an embodiment of the invention is shown. The appara- 
tus embodying the invention (hereinafter recording/re- 
producing apparatus 1) is comprised of N audio/video 
data input/output (/W data I/O) devices 101 to lOn, a 
recording/reproducing control circuit 34, asynchronous/ 
asynchronous converter 24, a recording/reproducing 
device 26, a synchronization signal interface (IF) 28, a 
time code interface 30 and a multiplexing control inter- 
face 32. Recording/reproducing apparatus 1 also is 
comprised of a control bus 20 connected to each of the 
A/V data I/O devices 101 to lOn, synchronous/asyn- 
chronous converter 24, recording/reproducing control 
circuit 34, and recording/reproducing device 26, and a 
data bus 22 which is connected to each of the data I/O 
devices 101 to lOn and synchronous/asynchronous 
converter 24. 

A reference clocksignal is supplied from an external 
source to interface 28 which supplies the reference sig- 
nal as a synchronization signal S28 to each of the data 
I/O devices as well as to the synchronous/asynchronous 
converter 24. A time code generator 50, which may be 
included in the recording/reproducing apparatus em- 
bodying the invention or an external device thereof, is 
synchronized by the reference clock, as shown, and 
supplies generated time codes to interface 30 which 
supplies the generated time codes S30 to each of the 
data I/O devices and the synchronous/asynchronous 
converter 24. A server management system 52. also 
which may be included in the apparatus embodying the 
invention or external thereto, produces control signals 
to control the operation of the apparatus (to be dis- 
cussed) and which supplies the control signals as a 
"package" control signal S32 to interface 32 which sup- 
plies the supplied signal to each of the data I/O devices 
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and synchronous/asynchronous converter 24. 

As shown in Fig. 2, each of the data I/O devices 10, 
to 10^ may be coupled to a respective external device 
2i to 2^. An external device 2 that is coupled to the ap- 
paratus embodying the invention may be a video editing 
system, a data input device, a data device, an "on -air" 
device, e.g., a broadcast transmission system, or any 
other suitable device to which the present apparatus 
may be coupled. For example, external device 2^ may 
. be a video editor, external device 22 may be an "on-air" 
device, etc. Since these devices typically are synchro- 
nous-type devices, they are provided with the same ref- 
erence clock signal that is provided to recording/repro- 
ducing apparatus 1 embodying the invention. 

Each data I/O device 10^ to 10^ is shown in block 
diagram form in Fig. 3 and is comprised of a central 
processing unit (CPU) 102, a memory 112 and a data 
bus interface 114. For purposes of the present discus- 
sion, 1 0j represents the ith data I/O device wherein I can 
have a value of 1 to n. The "i" in the signal designations 
similarly represent the signals input and output to and 
from the ith data I/O device. 

Each of the data I/O devices 1 0^ to 1 0„ (hereinafter 
simply "data I/O device 10") transmits and receives a 
control signal SI Og to and from a respective external de- 
vice 2 that is coupled thereto. Data I/O device 1 0 further 
transmits and receives control signals to and from re- 
cording/reproducing control circuit 34 via control bus 20. 
CPU 102 in each data I/O device 10 controls memory 
1 1 2 and data bus interface 1 1 4 in response to the control 
signals supplied from recording/reproducing control cir- 
cuit 34, and in response to the control signal 510^ sup- 
plied from the external device 2 and, if necessary, in re- 
sponse to reference synchronization signal S28, time 
code S30 and package control signal S32. Essentially, 
CPU 102 controls the transfer of video and audio data 
between the external device 2 and recording/reproduc- 
ing device 26. 

Data bus interlace 114 interfaces the flow of data 
between recording/reproducing device 26 (via data bus 
22) and external device 2 (via memory 112) and this in- 
terface is controlled by CPU 1 02. Memory 1 1 2 is a buffer 
and temporarily stores video and audio data supplied as 
signal S1 Ob from extemal device 2 and supplies the data 
stored therein via data bus interface 114, data bus 22 
and synchronous/asynchronous converter 24 (to be dis- 
cussed) to recording/reproducing device 26. In addition, 
memory 1 1 2 temporarily stores video and audio data re- 
produced by recording/reproducing device 26 and sup- 
plies the stored data to external device 2. 

Referring back to Fig. 2, recording/reproducing con- 
trol circuit 34 operates to control each of the data I/O 
devices 10^ to 10^, synchronous/asynchronous con- 
verter 24 and recording/reproducing device 26 in a man- 
ner to be discussed. During a recording operation em- 
bodying the invention in which video and audio data sup- 
plied from one of the external devices 2 is to be recorded 
on a record medium included in recording/reproducing 



device 26, recording/reproducing control circuit 34 des- 
ignates the address location of the record medium at 
which the video and audio data is to be recorded. During 
a reproducing operation embodying the invent bn, re- 

s cording/reproducing control circuit 34 identifies the 
memory location of the record medium at which specific 
desired data is already recorded and subsequently sup- 
plies appropriate control signals to the appropriate data 
I/O device 10 in order for the selected video and audio 

10 data to be reproduced from the record medium and sub- 
sequently supplied to the particular extemal device 2 
that requested the video and audio data. These opera- 
tions will be further discussed with reference to Figs. 4 
and 5 of the drawings. 

IS Referring first to Fig. 4, a signal flow diagram illus- 
trating the flow of various control signals between the 
various devices of the apparatus embodying the inven- 
tion during a recording operation is shown. When it is 
desired to record a video signal on the record medium 

20 included in recording/reproducing device 26. an exter- 
nal device 2 supplies an appropriate record request sig- 
nal (SI Oa) to the data I/O device 10 to which it is coupled 
and, in response thereto, data I/O device 10 supplies 
the same record request signal or a different (and cor- 

25 responding) request signal via control bus 20 to record- 
ing/reproducing control circuit 34. Recording/reproduc- 
ing control circuit 34, in turn, "searches" for an "empty" 
(or available) recording region of the record medium and 
supplies to the data I/O device 10 an assigned region 

30 identification control signal which identifies the region (i. 
e. memory address) of the record medium at which the 
video and audio data is to be recorded. In accordance 
with one embodiment of the present invention, record- 
ing/reproducing control circuit 34 includes therein a 

35 memory which contains an index or suitable "table of 
contents" of the data stored on the record medium so 
that control circuit 34 is operable to identify an address 
of the record medium at which new video and audio data 
may be recorded. In an altemative embodiment of the 

40 present invention, recording/reproducing control circuit 
34 is unable to identify such an address in the record 
medium or, altematively, requesta verification of such 
an address and, thus, supplies an "empty region re- 
quest' control signal to recording/reproducing device 26 

4S which requests that device 26 identify a region (i.e., 
memory address) of the record medium therein which 
is empty or available. Recording/reproducing device 26 
supplies an identification control signal back to record- 
ing/reproducing control circuit 34 which, in response 

50 thereto, supplies an assigned region identification signal 
similar to that previously discussed to data I/O device 
10. Data I/O device 10, in response to receiving the as- 
signed region identification signal, supplies an appropri- 
ate recording permission signal as control signal SlOa 

55 to the extemal device 2 which supplied the original re- 
quest signal. 

Extemal device 2, after receiving the recording per- 
mission signal, supplies to data I/O device 10 a record 
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command as control signal S 1 Da and subsequently sup- 
plies to data I/O device 10 the video and audio data as 
data signal S 1 0b. Data I/O device 10 supplies the record 
command signal via control bus 20 to recording/repro- 
ducing device 26 and subsequently supplies the video 
and audio data supplied thereto via data bus 22 to syn- 
chronous/asynchronous converter 24 which operates to 
synchronize the signal (to be discussed) and to supply 
the video and audio data to recording/reproducing de- 
vice 26 which records the supplied data on the record 
medium therein at the memory address as identified in 
the record command signal. Upon completion of record- 
ing the video and audio data on the record medium, re- 
cording/reproducing device 26 supplies an appropriate 
recording complete control signal via control bus 20 to 
data I/O device 10 (i.e., the same data I/O device 10 
which supplied all of the previous control signals and 
video and audio data to recording/reproducing device 
26). Data I/O device 10 then notifies external device 2 
that the recording operation is complete by supplying 
either the same recording complete control signal or a 
different control signal as control signal SlOa to the ex- 
ternal device. 

Referring now to Fig. 5, a signal flow diagram illus- 
trating the flow of various control signals to the various 
components of the apparatus embodying the invention 
during a reproducing operation is shown. When it is de- 
sired to reproduce a particular video segment recorded 
on the record medium in recording/reproducing device 
26, for example, as when external device 2 is a video 
editor which has been controlled (by a- user) to edit par- 
ticular recorded video data, external device 2 supplies 
an appropriate reproduction request control signal 
(SlOa) to the data I/O device 10 to which the external 
device 2 is coupled. Data I/O device 10, in response to 
receiving the reproduction request control signal, sup- 
plies the reproduction request control signal (or a corre- 
sponding control signal) via control bus 20 to recording/ 
reproducing control circuit 34 which, in response there- 
to, identifies the particular region or memory address of 
the record medium at which the desired video segment 
is stored, and supplies a reproduction region identifica- 
tion signal to data I/O device 10 which identifies the 
memory address to be reproduced. In an alternative em- 
bodiment of the present invention, recording/reproduc- 
ing control circuit 34 supplies via control bus 20 a repro- 
duction region request control signal to recording/repro- 
ducing device 26, along with the particular video seg- 
ment Information that is to be reproduced, and. in re- 
sponse thereto, recording/reproducing device. 26 iden- 
tifies the region or memory address of the record medi- 
um therein which is to be reproduced (i.e., the memory 
address which contains the desired video segment) and 
supplies a reproduction region identification signal via 
control bus 20 to recording/reproducing control circuit 
34. Recording/reproducing control circuit 34 supplies 
the reproduction region identification signal to data I/O 
device 10 which, in response thereto, supplies an ap- 



propriate reproduction permission control signal as sig- 
nal SlOa to the external device 2 which made the orig- 
inal reproduction request signal. 

External device 2, after receiving the reproduction 
permission control signal, supplies to data I/O device 1 0 
a reproduction command as control signal SlOa. Data 1/ 
O device 10 supplies the reproduction command, along 
with the memory address of the region in the record me- 
dium to be reproduced, via control bus 22 to recording/ 
reproducing device 26. Recording/reproducing device 
26, in response thereto, reproduces the desired video 
and audio data stored on the record medium therein and 
supplies the reproduced data via synchronous/asyn- 
chronous converter 24 and data bus 22 to data I/O de- 
vice 10. Data I/O device 10 then supplies the repro- 
duced data as signal Sl0c to external device 2. Upon 
completing the reproduction ot the desired video and au- 
dio data, recording/reproducing device 26 supplies an 
appropriate reproduction complete control signal via 
control bus 22 to data I/O device 10 and data I/O device 
10 fonwards the reproduction complete signal to record- 
ing/reproducing control circuit 34 which, in response 
thereto, supplies a reproduction complete recognition 
signal back to data I/O device 1 0 which then supplies a 
reproduction complete control signal as signal SlOa to 
external device 2. 

Referring back to Fig. 2, and as previously dis- 
cussed, interface 28 receives a reference synchroniza- 
tion signal (e.g., a reference clock signal) from an exter- 
nal source and supplies the synchronization signal to 
each data I/O device 10 and to synchronous/asynchro- 
nous converter 24. Each external device 2 also is sup- 
plied with the reference synchronization signal and is 
synchronized therewith in a manner well known in the 
art. Since each data I/O device 1 0 of the apparatus em- 
bodying the invention operates independent of one an- 
other, the devices are easily synchronized to the refer- 
ence synchronization signal supplied thereto. 

Synchronous/asynchronous converter 24 also is 
synchronized to the referenced synchronization signal 
and operates to synchronize the input and output of re- 
cording/reproducing device 26. That is, synchronous/ 
asynchronous converter 24 establishes an amount of 
time between the output of a reproduction command sig- 
nal from a data I/O device 10 and the supplying of video 
and audio data reproduced from recording/reproducing 
device 26 on data bus 22 as a constant. 

Time code interface 30 supplies a generated time 
code to each data I/O device 1 0 and to synchronous/ 
asynchronous converter 24. The generated time codes 
identify elapsed amount of time of the video and audio 
data, or indicate the time of display (i.e., transmission) 
thereof. The time codes may be added to the video and 
audio signals in a data I/O device 10 prior to being re- 
corded on the record medium. The time codes further 
may be utilized to establish synchronization between 
the video and audio data supplied to and transmitted 
from each external device 2. as well as the output and 
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input of video data from and to recording/reproducing 
device 26 (by means of synchronous/asynchronous 
converter 24). 

Interface 32 receives package control signals from, 
for example, server management system 52 which, as s 
previously mentioned, may be a device external to the 
apparatus embodying the invention. The control signals 
control the operation of each of the data I/O devices 1 0^ 
to 10^, Control signal S32 may represent, for example, 
a predetermined reproduction schedule which specifies io 
the times at which specified video and audio data stored 
on the record medium are to be reproduced. 

Therefore, it is possible to control each of the data 
I/O devices 10, to 10^, synchronous/asynchronous con- 
verter 24, and recording/reproducing device 26 in a '5 
manner in accordance with any of the control signals 
S28, S30, S32. Namely, these devices may be synchro- 
nized to the reference synchronization clock signal, to 
the generated time codes, and/or to the package control 
signals. 20 

Fig. 6 is a block diagram of AA/ data I/O device 40 
in accordance with another embodiment of the present 
invention. Data I/O device 40 is similar to data I/O device 
1 0, previously discussed, in that it is comprised of a CPU 
102, a memory 112 and a data bus interface 114. How- 25 
ever, data I/O device 40 further is comprised of a com- 
pression circuit 120 and a decompression circuit 122 
which compresses and decompresses, respectively, 
video and audio signals supplied to and transmitted from 
data I/O device 40. 30 

In accordance with this embodiment of the present 
invention, video and audio data supplied from an exter- 
nal device 2 during a recording operation embodying the 
invention are compressed in compression circuit 120 to 
produce compressed video and audio data. The com- 35 
pressed data is transmitted and stored on the record 
medium in the manner previously discussed. Similarly, 
compressed video and audio data stored on the record 
medium is reproduced and transmitted to decompres- 
sion circuit 122 which decompresses the data to pro- 40 
duce uncompressed video and audio data and which 
supplies the uncompressed video and audio data to ex- 
ternal device 2. Compression circuit 120 is operable to 
encode digital video and audio data in any manner well- 
known in the art to produce encoded and compressed, 45 
for example, MPEG compressed, video and audio sig- 
nals. The operation of apparatus for recording and re- 
producing video data to and from a record medium in 
which the video data (and audio data) is compressed 
prior to recording, and decompressed upon reproducing 50 
stored data is similar to the operation of Fig. 2, as pre- 
viously discussed, and, therefore, further description 
thereof is omitted herein. 

In accordance with modified embodiments of the in- 
vention, any of the above-discussed embodiments of ss 
apparatus for recording and reproducing video data to 
and from a record medium may be expanded to com- 
municate with an increasing number of external devices 



by providing a respective /W data I/O device (either de- 
vice 10 or device 40) for each external devce that is 
desired to be coupled to the server system 0I the appa- 
ratus. 

While the present invention has been particularly 
shown and described in conjunction with preferred em- 
bodiments thereof, it will be readily appreciated by those 
of ordinary skill in the art that various changes may be 
made without departing from the scope of the invention. 
For example, although the present invention has been 
shown and described as being a server system of a tel- 
evision broadcasting system, the present invention is 
not limited to only television broadcasting and may be 
applied to other types of systems which require the re- 
cording and/or reproducing of data to and from a record 
medium. 

As another example, although the present discus- 
sion is directed to recording and reproducing video and 
audio data on a record medium, for example, a magnetic 
tape, included in recording/reproducing device 26, the 
present invention is not limited solely to recording and 
reproducing data to and from magnetic tapes and may 
record and reproduce data to and from other types of 
recording medium including hard and/or floppy dis- 
kettes, magneto-optical diskettes, semi-conductive 
memory, etc. Further, the present invention is not limited 
solely to recording and reproducing data to and from a 
single record medium and may utilize multiple record 
mediums, tor example, by having recording/reproducing 
device 26 be comprised of plural such devices which 
record and reproduce data to and from multiple record 
mediums. 

Still further, although the apparatus embodying the 
invention has been shown and described as being syn- 
chronized to the external devices, asynchronous oper- 
ation of the apparatus is easily accomplished simply by 
not utilizing a synchronous/asynchronous converter. 

Therefore, it is intended that the appended claims 
be interpreted as including the embodiments described 
herein, the alternatives mentioned above, and all equiv- 
alents thereto. 



Claims 

1 . Apparatus for reproducing video data.from a record 
medium, comprising: 

reproducing means for reproducing video data 
from a record medium in accordance with a re- 
producing request control signal; 
a plurality of output control means, each includ- 
ing programmed control means for outputting a 
respective reproducing request control signal in 
response to receipt of an external reproduction 
request supplied by a respective external de- 
vice coupled to the respective output control 
means; 
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control bus means for supplying to the repro- 
ducing means the reproducing request control 
signal output from one of the output control 
means; and 

data bus means for supplying the video data re- s 
produced by said reproducing means to the re- 
spective output control means which output the 
reproducing request control signal. 

The apparatus of claim 1 , wherein said external re- io 
production request identifies a desired video data; 
and said record medium includes a plurality of ad- 
dresses in which video data is stored; and said ap- 
paratus further comprises means for identifying an 
address in said record medium at which the desired is 
video data is located; and wherein the respective 
output control means outputs the reproducing re- 
quest control signal including the identified address; 
and said reproducing means is operable to repro- 
duce from the record medium the desired video da- 20 
ta from the identified address included in the repro- 
ducing request control signal. 

The apparatus of claim 1 , wherein said reproducing 
means is comprised of a plurality of hard drives. 2S 

The apparatus of claim 1 , wherein compressed vid- 
eo data is stored in said record medium; and each 
of said output control means includes means for de- 
compressing the compressed video data repro- 30 
duced by said reproducing means and outputling 
the decompressed video data to the respectively 
coupled external device.. 

The apparatus of claim 1 , wherein an external de- 35 
vice coupled to one of said output control means is 
a video data editing device, and an external device 
coupled to another one of said output control means 
is an on-air type device. 

40 . 

The apparatus of claim 1 , further comprising a serv- 
er manager system tor supplying respective man- 
agement control signals to each of said output con- 
trol means in accordance with a predetermined re- 
production schedule; and wherein each of said out- 
put control means supplies a respective output con- 
trol signal corresponding to the supplied respective 
management control signal to the respectively cou- 
pled external device. 

50 

The apparatus of claim 1 , wherein the reproducing 
means is an asynchronous type device; said appa- 
ratus further comprising converting means for con- 
verting asynchronous signals output from said re- 
producing means to synchronous signals whereby 55 
an amount of time between the output of the repro- 
ducing request control signal from a respective out- 
put control means and receipt of the reproduced 



video data by the respective output control means 
is constant. 

8. Apparatus for reproducing video data from a record 
medium, comprising: 

a plurality of programmed input/output control 
means each for receiving a respective external 
request signal from a respective external de- 
vice, generating a respective reproduction re- 
quest signal in response to receipt of said re- 
spective external request signal and outputting 
the respective reproduction request signal, and 
for receiving reproduced data and outputting 
the received reproduced data to said respective 
external device; 

storage control means for receiving the repro- 
duction request signal and supplying a repro- 
duction control signal in response thereto to the 
respective programmed input/output control 
means which output the reproduction request 
signal, the respective programmed input/output 
control means supplying in response to the re- 
production control signal a reproduction initiate 
signal; and 

storage means including said record medium 
for reproducing video data from said record me- 
dium in accordance with said reproduction ini- 
tiate signal and outputting the reproduced video 
data to the respective programmed input/out- 
put control means which output the reproduc- 
tion initiate signal. 

9. The apparatus of claim 8. wherein the external re- 
quest signal identifies a desired video data; said 
storage control means supplies a reproduction con- 
trol signal identifying an address in said record me- 
dium at which the desired video data is located; the 
respective programmed input/output control means 
supplies a reproduction initiate signal including the 
identified address to the storage means; and the 

. storage means is operable to reproduce from the 
record medium the desired video data from the 
identified address included in the reproduction ini- 
tiate signal. 

10. The apparatus of claim 8, wherein the respective 
programmed input/output control means supplies a 
reproduction permit signal to the respective exter- 
nal device in response to the reproduction control 
signal supplied by the storage control means, and 
supplies said reproduction initiate signal to said 
storage means after receipt of a reproduce com- 
mand signal from the respective external device. 

11. Apparatus for recording video data onto a record 
medium, comprising; 
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a plurality of input control means, each includ- 
ing programmed control means for outputting a 
respective recording request control signal in 
response to receipt of an external recording re- 
quest supplied by a respective external device 
coupled to the respective Input control means, 
and for receiving video data from said respec- 
tive external device; 

recording means for recording supplied video 
data onto a record medium in accordance with 
the recording request control signal; 
control bus means for supplying to the record- 
ing means the recording request control signal 
output from one of the input control means; and 
data bus means for supplying the video data re- 
ceived by said one of the input control means 
to the recording means. 

1 2. The apparatus of claim 1 1 . wherein said record me- 
dium includes a plurality of addresses;. and said ap- 
paratus further comprises means for identifying an 
address in said record medium at which the re- 
ceived video data is to be stored; and wherein the 
respective input control means outputs the record- 
ing request control signal including the identified ad- 
dress; and said recording means is operable to 
record on the record medium the supplied video da- 
ta at the identified address included in the recording 
request control signal. 

13. The apparatus of claim 11, wherein said recording 
means is comprised of a plurality of hard drives. 

14. The apparatus of claim 11 , wherein each of said in- 
put control means includes means for compressing 
video data supplied by the respectively coupled ex- 
ternal device, 

15. The apparatus ot claim 11 , wherein an external de- 
vice coupled to one of said output control means is 
one of a video data editing device, video tape re- 
corder and a camera. 

16. The apparatus of claim 11, further comprising con- 
verting means tor converting said video data sup- 
plied by each of said external devices to SCSI-type 
signals prior to being recorded on the record medi- 
um by the recording means. 

17. Apparatus for recording video data onto a record 
medium, comprising: 

a plurality of programmed input/output control 
means each for receiving a respective external 
request signal from a respective external de- 
vice, generating a respective recording request 
signal in response to receipt of said respective 
external request signal and outputting the re- 



spective recording request signal, and for re- 
ceiving video data from said respective external 
device and outputting the received video data; 
storage control means for receiving the record- 
s Ing request signal and supplying a recording 

permit signal in response thereto to the respec- 
tive programmed Input/output control means 
which output the recording request signal, the 
respective programmed input/output control 
10 means supplying in response to the recording 

permit signal the received video data; and 
storage means for recording the video data out- 
put by a respective one of said programmed in- 
put/output control means on said record medi- 
cs um. 

18. The apparatus of claim 17, wherein said storage 
control means supplies a recording permit signal 
identifying an address in said record medium at 

20 which video data is to be recorded In response to 
receiving the recording request signal; the respec- 
tive programmed input/output control means sup- 
plies a recording initiate signal including the identi- 
fied address to the storage means; and the storage 

25 means is operable to record on the record medium 
the video data output from the respective pro- 
grammed input/output control means at the identi- 
fied address included in the recording initiate signal. 

30 19. The apparatus of claim 18, wherein said storage 
control means is operable to supply a recording re- 
gion request signal to said storage means in re- 
sponse to receiving the recording request signal; 
said storage means supplies a recording region 

35 identification signal to said storage control means 
identifying an address in said record medium at 
which said video data is to be recorded; and said 
storage control means supplies to the respective 
programmed input/output control means said re- 

40 cording permit signal including said address identi- 
fied in said recording region identification signal. 

20. The apparatus of claim 17, wherein the respective 
programmed input/output control means supplies a 

45 recording allowance signal to the respective exter- 
nal device in response to the recording permit signal 
supplied by the storage control means, and re- 
ceives the video data from the respective external 
device in response to the supply of the recording 

so allowance signal. 

21 . The apparatus of claim 17, wherein each of the pro- 
grammed input/output control means includes 
means for adding time codes to the video data re- 

55 ceived from the respective external device when the 
received video data does not include time codes. 

22. The apparatus of claim 17, further comprising 
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means for synchronizing each ot the programmed 
input/output control means. 

23. Method of reproducing video data from a record me- 
dium, comprising the steps of: 

receiving by one of a plurality of output control 
devices an external reproduction request sup- 
plied by an external device; 
oulputting by the output control device which 
received the external reproduction request a re- 
producing request control signal; 
supplying the reproducing request control sig- 
nal to a reproducing device; 
reproducing in the reproducing device video 
data from a record medium in accordance with 
the reproducing request control signal; 
supplying the reproduced video data to the out- 
put control device which supplied the reproduc- 
ing request control signal; and 
supplying the reproduced video data from the 
output control device to the external device. 

24. The method of claim 23, where in the external repro- 
duction request identifies a desired video data; and 
said method further comprises the step of identify- 
ing an address in the record medium at which the 
desired video data is located; and wherein the re- 
producing request control signal includes the iden- 
tified address; and said reproducing step is carried 
out by reproducing from the record medium the de- 
sired video data from the identified address includ- 
ed in the reproducing request control signal. 

25. The method of claim 23, wherein compressed video 
data is stored In said record medium; and the meth- 
od further comprises the step of decompressing 
compressed video data supplied to the output con- 
trol device to produce uncompressed video data. 

26. The method of claim 23, further comprising the 
steps of supplying respective management control 
signals representing a predetermined reproduction 
schedule to each of the output control means; and 
supplying from each output control means respec- 
tive output control signals corresponding to the sup- 
plied respective management control signal to re- 
spectively coupled external devices. 



receiving by one of a plurality of input control 
devices an external recording request supplied 
by an external device; 

outputting by the input control device which re- 
s ceived the external reproduction request a re- 

cording request control signal; 
receiving, by the input control device which re- 
ceived the external recording request, video 
data from the external device; 
10 outputting by the input control device the re- 

ceived video data; 

supplying to a recording device the output re- 
cording request control signal over a control 
bus; 

15 supplying to the recording device the output 

video data over a data bus; and 
recording in the recording device the video data 
supplied over the data bus onto a record medi- 
um in accordance with the- recording request 
20 control signal supplied over the control bus. 

29. The method of claim 28, further comprising the 
steps of identifying an address in the record medi- 
uni at which the received video data is to be stored; 

25 and wherein the output recording request control 
signal includes the identified address; and said re- 
cording step is carried out by recording on the 
record medium the supplied video data at the iden- 
tified address included in the recording i-equest con- 
so trol signal. 

30. The method of claim 28, further comprising the step 
of compressing the received video data to produce 
compressed video data; and wherein the step of re- 

35 cording is carried out by recording the compressed 
video data on the record medium. 

31 . The method of claim 28, further comprising the step 
of converting the received video data to an SCSI- 

40 type signal; and wherein the step of recording is car- 
ried out by recording the SCSI-type signal on the 
record medium. 



45 



20 



27. The method of claim 23, further comprising the step 50 
of converting signals output from the reproducing 
device to synchronous signals whereby an amount 

of time between the output of the reproducing re- 
quest control signal and the supply of the repro- 
duced video data to the output device is constant. 5S 

28. Method of recording video data onto a record me- 
dium, comprising the steps of: 
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